On the basis of his observations on the occurrence of characteristic caveolae and vesicles within the capillary endothelium, PALADE (1953) proposed an original hypothesis that substances are transported through the capillary endothelium enclosed in these vesicular structures which were presumed to move rapidly.
The mechanism of "vesicular transport" was later named cytopempsis by MOORE and RUSKA (1957) . This process consists of (1) engulfing substances from one surface by invaginations of the plasmalemma, (2) intracytoplasmic transport by vesicles formed by pinching off of the plasmalemmal invaginations and (3) discharge of the substances on the opposite surface by opening of the vesicles. Experimental studies using tracers such as ferritin (WISSIG, 1958; PALADE, 1960; JENNINGS, MARCHESI and FLOREY, 1962; BRUNS and PALADE, 1968b) have been the most important support of this hypothesis, as labelings of caveolae and vesicles were found at various intervals after intravenous injections of tracers. The purpose of the present study is to examine whether the tracerexperiments give morphological indication of possible vesicular transport in the capillary endothelium.
Methods
Two adult rats and a mouse were used in this study. Animals were anesthetized with ether, decapitated and the abdomen was widely opened.
To fix the capillary endothelium, a polyethylene tube was inserted into the abdominal portion of the aorta. The rats were perfused with 2.5% glutaraldehyde buffered with 0.09M phosphate at pH 7.2; perfusion was maintained in the first rat for about 7min and in the second 30min.
The mouse was first perfused via the polyethylene tube with physiological saline for about 2min, then with 1.0% OsO4 in a phosphate buffer for about 5min. After fixation with glutaraldehyde or with OsO4, about 7ml of ferritin (Nutritional Biochemicals Co., Cleveland, Ohio, 2x crystalline, cadmium free) was perfused via the polyethylene tube.
Labeling by ferritin-particles in the fixed capillary was examined by electron microscopy.
Small pieces of muscular tissues (the adductor longus and brevis) were obtained from the thigh, fixed anew with 1.0% OsO4 in a 0.75M phosphate buffer for about 3hrs, dehydrated through a graded series of ethanol, treated with propylene oxide and embedded in Luft's Epon. With glass knives, ultrathin sections were cut on a Porter-Blum MT-1 microtome, mounted on copper grids, and contrasted with 81
Millonig's lead. Photographs were obtained on a Hitachi HU-125 DS electron microscope. Fig. 1 . A muscle capillary from the thigh of the mouse. Ferritin was injected after perfusion with OsO4 for about 5min. Ferritin is present in the lumen (L), in the endothelium where it is restricted to caveolae and vesicles (arrows), and in the pericapillary space (ps) and in the basement membrane (bm).
Observations
Under the electron microscope, the capillary wall both in the rats and the mouse consisted of non-fenestrated endothelium, continuous basement membrane and adventitial elements such as pericytes and collagenous fibers, as reviewed by previous authors (BENNETT, LUFT and HAMPTON, 1959; MAJNO, 1965; BRUNS and PALADE, 1968a) . Numerous caveolae and vesicles were recognized in the endothelial cells.
In every animal examined, ferritin-particles were most abundantly seen in the capillary lumen.
They were also dispersed in the pericapillary space and basement membrane.
A part of the caveolae and vesicles of the endothelium was labeled by one or several ferritin-particles. The Golgi complex, lysosomes, granular endoplasmic reticulum and other cell organelles in the endothelium did not contain ferritin. Population of ferritin differed considerably from capillary to capillary even in closely adjacent areas of the same section. The labeling by ferritin generally was more common in the mouse fixed with OsO4 before ferritin injection than in the rats fixed with glutaraldehyde. Perfusion fixation with glutaraldehyde for 7-30min or with OsO4 for 5min seems to be sufficient to kill the endothelial cell and to stop its membrane flow. In the present material, when reached by ferritin, the caveolae and vesicles of the endothelium had most likely been fixed.
Localization of ferritin observed in the present material, nevertheless, resembles that described in the experimental studies injecting tracers into living capillaries (JENNINGS, MARCHESI and FLOREY, 1962; BRUNS and PALADE, 1968b) . The only difference seems to be that no ferritin was detected within the lysosomes of the endothelium in the present study, though it was found there in the latter type of experiment (PALADE, 1960; BRUNS and PALADE, 1968b) . The present finding on the ferritin labeling of prefixed endothelial vesicles is believed to provide an evidence that the previous tracer-experiments (WISSIG, 1958; PALADE, 1960; JENNINGS, MARCHESI and FLOREY, 1962; BRUNS and PALADE, 1968b, a.o.) are no longer valid as the basis of the theory of vesicular transport. LUFT (1966) and KARNOVSKY (1967) The vesicular transport or cytopempsis can not be denied only on the basis of the present experiment. However, it may be worthy of mention that it has been discussed that this process is less efficient than substance permeation through intercellular clefts (LUFT, 1966; KARNOVSKY, 1967) 
